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ABSTRACT 



T A B L E  l.-Ihy bulb temperature:   synopt ic   mean us. 24-hr. 'mean. 

m e a n  and standard  deviation of daily  departures.  5 years of record, 
AvPrage  departure of mean of 4 synoptic  observations  jrom  24-hr.  

o v .  

The daily  Inems were rounded to one clecinlal to tleter- 
mine the  daily differences which  were  then rourltled to 
whole numbers. These daily differences (Id, 2d, and 3c)  
for each rrlont'll st each  stat'ion  for  the five years  were  then 
accumulated  in a frequency  table. The class intervals were 
1' F. for dry bulb and dew point  temperatures  and  1 per- 
cent for relative  humidity.  Percent  frequencies were 
computed  for each class. In  all cases the  daily mem of 
the 24 hourly  values  was  taken as the  "true" mean 
(Conrad  and  Pollak  [4])  from  which to  determine  the  daily 
departures. In addition, for each  station-month, the. 
mean depart'ure  and  the  standard  deviation of the  daily 
departures were determined. 

'I'hese result,s  (nlean  departure  anti  standard  deviation) 
for each cotllpwison for each  station-month are summar- 
ized in  tables 1 to 5 .  In  addition,  for  three of the stations, 
the  percent  frequency  distribution of daily  departures  from 
t,he "t8rue" m e m  are  presented  in  graphical  form (figs. 1, 
2,  anti 3) .  For t,his purpose,  one west  coast  station (San 
Francisco), one continental  stat'iorl  (Bismarck),  and onv 
east  coast  station  (Washington)  were  selected. In  these 
figures, the class interval  (abscissa) for dry  bulb  tempera- 
ture a n t 1  dew point is 1' F. For relative  humidity,  the 
class interval is 3 percent (See Appendix). 

It was also considered  desirablc  to  examine the  shape 
of the  diurnal  curves of hourly  values of these element's: 
Average  hourly  temperatures  (dry  bulb)  for a number of 
stations  are  available  in  t'he  "Climatological Record" 
books  formerly  kept on sttbt'ion. The  average  curves for 
these four mont'lls  €or th r  same three stat'ions are given  in 
figures 4, 5, and  6  with  the  highest  and lowest values 
shown. 

Average hourly  values of dew point  and  relat'ive llu- 
rrlidity arc not, nvailable from this  source for these  stations. 
However, the average curves  for  the  month of' J:tnuary 
1961 (the  first  Inonth of puhlicwtjiorl of the new r9upplement) 
are presentled i n  figures 7, 8, 9. Herc the curves for all 
three e1e111e11ts are present'cd on t'he same graph t,o fncditt l t  c' 
comparison. 

In :dditiorl to t,hr average tllorlt,ttlg curves, it, wm ol' 
int'erest to rs:mirlr t,tlc daily rllarc.11 ol' these rlernerlts 0 1 1  

individual days  sclect'etl t'o represent, somc  depart~uw 
from t,llr averag('. The  stmd:trtl dcvi:ttmiorrs i n  tables 1 
and 2 indicitte a considerable  variability in thr. daily 
departures at Bismtrck in  rJ:tnu:lry, dthough  the aver:~gv 
departure is very srndl. The l'requerlc+>- of air Inass 
changes ttt t,tlis c~ont~inerlt8:tl loc+at,iorl in wirlt,er is one of the 
principal reasons for this  large vgtriability. Therefore, 
four dates  in  Jtmuttry 1961 at  Bisrllarclc were select,ed as 
examples of the types of unusual  daily  curves which may 
occur. The>- are presented  in  figure 10. 

3. DISCUSSION 
As stated  in  the  irltroduct'ion, a principal  purpose of  

this  study W R S  t'o examine  and  compare  severid  methods 
of computing  daily  mean  values of dew  point  and  relative 
humiditly.  However, t o  give  these  comparisons a "corn- 
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men denominator"  familiar to climatologists  and  others 
accustomed t80 hndling  temperature  data,  the  results 
are preserlt'ed against a background of similar computa- 
t ions and  comparisons of daily  mean dry bulb  temperature. 
These latter  have been frequently  studied [4, 5 ,  61 and 
t tlr 1imit):rtions of the  various  methods of comput'ation 
are fairly well known. Therefore  it'  was  felt that  by 
using dry bulb,  dew  point,,  and reltktive humidit'y d a h  
from the same stations for the  same  mont'hs  and  periods 
o l  record, the usefulness of' t'he  study would he great'ly 
incrowd.  

DRY BULB  TEMPERATURE 

'I':tblos 1 :~nd  2 prrserlt the  results o f  comparing  daily 
~neatt tt.,Ir1pertkt'urt.s comput'ed from t he four synopt'ic 
observations  and from the  daily highest' itnd lowest, 
hourly  readings w i t h  t'tle "true" 24-hour mean. The 
oomput:ttions are based on five years of record lor each 
st':ltioll-rnorltlr. 'I'tw first co111rnr1 under  each month 
lists  the average d d y  dept~rt~ure from tlle '' t8rue" mean. 
1 hc second cwlumn present,s t hc standard  deviation of 
t'he daily  departures.  When  tlle  average  departures 
and standard  deviations in t'able 1 are  compared  with 
those in table 2 ,  a measure of t'he  relative  reliability of 
these  two  short-cut methods is disclosed. In  table 1 
t'here are only 2 Ci lSeS in which the average  departure 
(ignoring  sign)  equals  or exceeds 0.5' F., while in table  2 
there are 9 suc l~  cases. I n  t'able I, only 10 out of 36 
(26 percent) of the standard  deviat'ions exceed 1.0' F., 
while  in table 2, 23 out of 36 (64 percent) of t'hem  are 

r ,  
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FIGURE 1.-The average of the  daily  departures  from  the  21-hour  nmm, and the  frequency  distribution and standard  deviations of those 
daily  departures for dry  bulb  temperature, dew point temptbrature, and relative  humidity a t  Sa11 Francisco, Calif. for 5  years of data 
(1955-59).  “Synoptic Incan” indicates  the  daily  average of the values recorded at  the  4  “synoptic”  observations.  “Mean of high/ 
low” is  the  daily  average of the  highest  and  lowest  hourly values. 

larger than  unity. None of the  standard  deviations Bigelow [5] used hourly  temperature  data  from 25 
in table 1 exceeds 1.5O (1.4’ in  January  at’  Bismarck is stations for an 11-year period (1891-1901) to  obtain 
t8he  largest) while in  table 2 there  are 4 cases  which average  corrections to reduce  means  computed  by  various 
exceed 1.5’. combinations  to  “t’rue’’ 24-hour means. He plott’ed  t>hese 
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FIGURE 2.-The average of the daily departures from  the 24-hour mean,  and tllc frqurrlcy  distribution  and  standard  deviation of those 
daily departures for  dry  bulb  temperature, dcw point  ternper:tture, :tnd relative  hurnitlity st Bismarck, N. I h k .  for 5 ycars of d:ata 
(1955-59). 

corrections on maps  for  each  month,  drew isolines, :md study)  lor A list of stations  and  months  comparable to 
interpolated  correction  terms  for  a corlsidernble list of those ol this  study are given in table 6, column A. 
stations.  His correct'iorls (with sign revrrsed  to  makc Clorrcsponding vtrlues I'rom the  present study (taken 
them  comparable to the  departures  presented in this from  table 2) are listed for comparison. It was recognizcd 
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F ~ C ~ J R E  3.-Thr :tvcr:Lge of thr, daily  drp:trtmw  from the, 24-hour t n e : i t I ,  : ~ t r t l  t h c s  frcxrlrlc,nry tiistribrltiolr and st:tnd:trd  devi:tt,ion of thosr 

departures for dry hulls tempc,r:ltllrr, dew point  tc~tnpc.r:itur(~, : r ~ ~ d  rt.lativc. hllnidity :tt M7:whir1gton, I1.C. for 5 yrxrs of data (1955-5'1). 

tha t  changes  in  station  location or other  changes  during See, for cxumplc, San Francisco  in April, July, and 
the  intervening  half-century  may 11ave introduced  reasons October. In most other cases the sign and  mapit ,ude 
for differences bet'ween results of the  two  studies. How- of the departures  are  in  fair  agreement.  There  are only 
ever, it was considered t'lmt a historical  comparison  would a l'ew large  contradictions,  the most obvious  being a t  
be of some  interest.  There  is good agreement betw-ecn Salt Lake City  in  April  and  October  and a t  Bismarck  in 
the two sets of data in the cases of larger  departures. Jmuary.  
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TABLE 3.-Dew point:  S!Jnoptic  wlean  us. 84-hr. mean. Average 
departure of m e a n  of 4 synoptic  observations f r o m  24-hr. meccn 
and  the  standard  deviation of daily  departures.  5 years of record, " F .  
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of 1ne:ms obtained fronl the sum of the  daily higllcst and 
lowest l l ~ u r l ? ~  observations  (table 4) tend to he slight#ly 
larger that1 those obtained from t,hc  four  synopt,ic  observa- 
tions  (table 3) .  

Bel'ore discussing the  practical significance of the 
starldtml tlevittt8ions in t'ttbles 3 and 4 (compared  with 
those i n  tables  I and 2)  it' is in order t'o examine the urlit,s 
involved.  The re:rsons for  adopting a class intervd of 3 
percent' relative  humidity  in figures I ,  2,  and 3 are dis- 
cussed  in the Appendix. A similar  examination of t,he 
psJTchrornctric tables W:LS rrrade to  dct)errnine  whether or 
not', for the purposes of this study, a unit of 1" F. in dry 
hulh  temperature could reasonably  be  cornpared t'o R unit 
of 1" E'. in  dew  point temperature. Tt was found  that at 
tcrr)pcraturcs  near or above  freezing, when the correspond- 
ing  relative  humidity is 50 percent' or  higher, w change of 
1 " F. in t'lle dry  bulb is accornpmied  by a corresponding 
change  (at a fixed relative  humidity) ol only  slightly more 
than 1" F. in the dew point'.  At high temperatures and 
relative hunliciities the 1 :I rutio is almost  exact. In  the 
vicinity of 60" F. at  50 percent  relative  hurnitlity t'lle ratio 
is about 1 :1.2. In  the range 20 " F. to 40" F. at  50 pxcent. 
relative  humidity  the  ratio  averages a little  higher,  libout 
1 :I .4, and increases rapidly  at lower temperatures and 
lower relative  humidities. That is, at  lower temperatures 
and lower relative  humidities, B change of 1 " F. in the dry 
bulb is compnrablc t'o a change of from 2" F. to several 
degrees in the dew point  temperature.  Therefore,  for the 
pr:tctical purposes of this  present  study,  t'he  magnitude of 
the  average  departures  and  standard  deviations  in  tables 
3 and 4 nlay be considered  generally  comparable  with 

deviations of corresponding  individual  stjiltion  rl>onttls 
between table 1 and  table  2 shows that in every case either 
one or both are larger  in  table  2  than in t'able 1. This 
merely  serves to subst'antiate  the  work of others  rcgu-ding 
t,he mean of the  daily 111axi111u1n and rninirrlnrn. The 
present  purpose is not t'o ~ r ~ t t k e  a case either  for or against 
one of these nlet8110ds but, rather to det'errnine  whether or 
riot, daily  nwan  values ol dew point'  and  relative  llunlitlit'y 
bv one or the other of these  methods are :LS reliable, by 
comparison, as are daily  Irmtn  values of temperature. 

DEW POINT TEMPERATURE 

Tables 3 and 4 present  the averages and  the stmIdard 
deviations of the dailJ- departures of daily  menn dew 
points  computed and listed in t'he same way as wcre tllc 
temperature  data in tables 1 arid 2. Dew point is gen- 
erally  considered to be tt much  more  conservative elclncnt 
t,llan is dry  bulb  temperature.  This  conservatism may be 
responsible for the  generally  smaller  average  depart'ures 
from the "true" daily rnetm. In table 3 (mean of four 
synoptic  observat'ions)  the  greatest  rnontllly averagt de- 
parture is 0.3", while in  table 1 (dry bulb  by  t'he same 
method)  there were 2 c t~ses  of 0.5" or greater. In  table 4 
(mean of daily highest, and lowest hourly)  there  are 3 cases 
of average  departure of 0.5" or greater (the largest'  being 
0.7"), while  in t h o  corresponding  table 2 (for dry bulb 
tern-perature)  there are 9 eases of average departures of 
0.5" or greater  with an extreme of 1.7". In other words, 
so far as average  departure is concerned, each of the two 
methods  (synoptic I n e m  and  mean of high and low)  has 
less departure  when used for dew point  than  when used for 
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0 

deviation. In  A.pril (t'able 4) the st:mdtlrd deviation tlt 

Fort Worth of 2.3" E'. is the  largest  in  tables 1, 2,  3, :md 4.  
In July,  only t'wo stations  sl~ow a larger st,:md:lrd devia- 
tion  in  t'able 4 than in table 2, one shows n o  c h ~ g e ,  while 
six show a smaller  value i n  t,able 4. In  suIl1Inar>-, t'lle 
following nurll.bcrs of standard  deviations  in excess ol' the 
indicated  limits  in each ol' these  tables gives  some measure 
of the  relative usefulness of these rrrct'hods when  applied 
to dry  bulb  and wllen applird  to dew point: 

Standard  deviation 
> 1  >1.5 > 2  

Table 1 _ _ _ "  ~ ~ ~ ~ ~ _ . _  10 0 0  
Table 3"" _ _ _ _ _ _ _  ~~ 17 1 0  
Table 2 - _ _ - - - -  _ _ _ _ _ _  23 4 1  
Table 4 _ _ _ _ _ _ _ _ _ _  ~ _ _  26 12 2 

Briefly, then,  it can be said that average! departures 
are slight'ly srrmller arid stantlard deviations  slightly 
larger  in tables 3 tmd 4 than in  tables 1 and 2 .  The 
larger st'andard deviat,ions  might  be  expected  in part' 
because of the  relationship of temperature m d  dew point 
at' low temperatures and low relative  humidities. 

RELATIVE HUMIDITY 

Relative  humidity  is :L bilaterally  limited element ([4], 
pp. 43-46). That  is, it'  has both an upper (100 percent) 
and lower (0 percent)  limit. I n  r r l t m y  climtLt,es and 
seasons t'lle 100 percent upper limit  is  frequently t i p -  

proached or reached. For these retmons there are no 

FI(;I-RE 8,"nIrm hourly valucs of temperaturc, dew  point,  and 
rvlativr  humidity  for  Jnnrlary 1061 at  Bismarck, N. 1):tk. 
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unit of 3 percent  relative  humidity is comparable, for Table 5 lists  the  average  departures  and  standard 
these  purposes,  with a unit of 1' F. deviations of dailv departures of daily  mean  relative 
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humidities  computed by t'wo methods.  The  "true"  daily 
mean i s  the average of the 24 hourly  values. The  other 
is the  mean of t'he 4 synoptic  observations. The vttllles 
are expressed  in units of percent  relat'ive  humidity.  They 
should be divided  by 3 to be comparable to the dry bulb 
temperature data in t'nbles 1 and 2. On this basis the 
largest  average  departure  in  table, 5 (-1.3 percent, a t  Salt 
Lake  City in October) is appreciably smtdler than  any in 
table 1 and falls far  short' of the  largest in table 2 (+ 1.7 at, 
San  Francisco  in  July).  Simil:dy,  in  all cases the irldi- 
vidual  station-month  values in table 5 are  either srnallcr 
than or roughly  comparable to  their counterparts in tables 
1 and 2. 
In the case of standard  deviations of daily  departures, 

a similar  comparison shows very little difference bctweerl 
tables 1 and 5. About'  t'wo-t'hirds of the corresponding 
individual  values  are  larger  in  table 1 than  in table 5 but' 
the differences are  small.  The largest single vdue  in 
table 1 is 1.4' F. a t  Bismarck  in  January  and  in  table 5 
i t  is 3.2 percent at  Fort  Worth in  April. On :L 3 to 1 
basis the 3.2 percent' is comparable to, but sm:dler than 
the 1.4' F. 

4. CONCLUSIONS 
The purpose of this  study was to compare certain 

m.ethods of' computing  daily  mean  values of dew point 
and relat,ive  humidity  with  similar  computations of 
daily  mean dry bulb  temperature.  The  comparisons which 
mere made  permit' the lollowing generalizations : 

1. Daily  mean dew point temperatures  computed  irom 
the four synoptic  observations do not vary  from  the  "true" 
mean any  more  thtm  daily mean dry bulb temperatures 
computed in the same  way. 

2 .  Dail37 me:tn dew point  temperatures  computed lrom 
the  daily highest and lowest hourly  values do not  vary 
from the "true" metin any more  than  daily m ~ a n  dr\- 
bulb temperatures computed  in the same w a y .  

3. Daily  mean dew point  temperatures computvd from 
the four  synoptic  obscrvations vary less from the "true" 
mean than t'hose computed from the dnilv  highest and 
lowest hourly  values. The difference between the  two 
methods is about the s ~ m c  lor dew point  as it is for dry 
bulb temperature. 
4. Daily mean relative  Ilumidities  computed from the 

four synoptic  observatiolls vaq- less from t h e  "true" 

daily  maximum and minimum. 
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APPENDIX 
T l w  original  frequcncy  distribution  computations  for 

relative  humidity were based on class intervals of one 
percwt.  For graphical  representation,  t'his  int'erval was 
t,oo s m d  : m t l  gave  a very flat  distribution which  could 
not be cotnpwecl with the temperature  tlist'ribution. 

I t '  was decided to consider a larger class interval,  one 
conlp:mlble in p h + x l  tncnning to a ternperuture  unit of 
1' F. Rclntive  llunliditp is of int'erest  in  evapor' '1 t' Lon 
problems t ~ s  n means of cstirrltlt'irlg vapor  pressure deficit 
[ I ,  21. Thc~dore ,  :t unit of reltltive  humidity was sought 
w1lic.h would  correspond tjo 1' F. so far as their  respective 
relation to c11:~.11ges in  vapor pressure is concerned.  The 
followitIg :Ipproxinlatc  equivalents were taken  from 
st;lncl:ml ps~-chrornctric  tables as the :mount  that'  the 

.It this temper- 
at7tre: 

20" F. 
40" F. 
GO" F. 
80' F. 

L4 change of 1 
F. corresponds 
to a change in 

vapor  pressure of: 
0. 005 inch 
0. 010 inch 
0 .  0 1  8 inch 
0. 033 inch 

'1 change of 1 

h u m i d i t y  corre- 
percent  relative 

sponds to a 
change in vapor 

pressure of: Eatio 
0. 001 inch 5  to 1 
0. 0025 inch 4 t o  1 
0. 005 inch st4 t o  1 
0. 010 inch 3 t,o 1 


